It is obvious that in normally active individuals a practically constant balance must be maintained between blood destruction and blood formation in spite of occasional unusual exertions such as may be supposed to cause a temporary increase in blood destruction.l,2,3 Experiments described in previous communications', 2 ' 3 show that this is not the case when animals which have been caged for some months are suddenly subjected to strenuous exercise during several days.
In them there appears a condition which may best be described as marrow decompensation. Blood is destroyed more rapidly than the hematopoietic tissue can replace it and a well marked fall in cell volume and total circulating hemoglobin is the result. The marrow gives evidence that increased demands are being made upon it by placing increased numbers of reticulated red corpuscles in circulation. If exercise is discontinued after 5 or 6 days, the cell volume fails to return to its initial level until from 1 to 3 weeks have elapsed.
The exercise to which the animals were subjected was fairly severe. Would the changes have occurred had the dogs been trained as athletes before entering upon so strenuous a test? The present observations will deal first with the reaction to exercise of animals confined for but a brief period and therefore moderately fit; and, second, with the changes in dogs put through a course of "training" of several weeks duration.
Experimental Procedures.
The methods used for estimating blood volume, the general care of the animals, and the routine procedure of exercise have already been described.
The dogs of Series A (Table I and Text- fig. 1 ) were exercised 2 weeks after their arrival in the animal house. It was not possible to ascertain how long or how closely they had been confined prior to this time. However, they undoubtedly approximated normally active animals more closely than did the dogs employed in the previous experiments, 2 since these had all been caged for several months. Exercise on treadmills was given in the usual manner for 5 days. The blood volume was followed by the dye method.
The animals of Series B (Table II and Text-fig. 2) had been utilized for experiments described in a previous paper. 4 As it is important to show the relation of these experiments to the later ones, some of the data from the former are included in the present table and chart. The dogs were allowed to recover from the first period of exercise, and, after an interval of caging, again run on the treadmill during 1 to 5 weeks. In the first period of exercise volume determinations were made by the CO method only. In the subsequent exercise periods both methods were employed on all animals save No. 2. The results agree closely.
Effect of Exercise after Brief Confinement.
The findings in the animals exercised after brief confinement are recorded in Table I and graphically represented in Text- fig. 1 . It will be seen that after 5 days of exercise a slight decrease in cell volume occurred in each instance. Dogs 13 and 14 showed a well marked fall in cell volume on the 4th and 3rd days of exercise respectively. On the 5th day both had to a great extent recovered. No. 15 exhibited a slight increase in cell volume on the 3rd day of exercise but by the 5th day this had fallen 10 per cent below the normal. No. 16 showed a decrease of 11 per cent on the last day of exercise. The average decrease for the series after the 5 days of exercise amounts to 11 per cent. Animals previously caged for several months show under similar circumstances an average decrease of 19 per cent. 
Prolonged Exercise in Sedentary Animals.
The results of the experiments on prolonged exercise are given in Table II and Text- fig. 2 . The data on each animal will be considered separately. Dog 0 had been caged 5 months when observations upon it were begun. During the first period of exercise, in which the blood volume determinations were made by the CO method, the cell volume fell 15 per cent below the normal for the animal. 19 days later it had returned to within 3 per cent of the normal and in the following 5 days had risen to 2 per cent above. At this time the animal was again exercised for 4 days. No decrease in cell volume occurred. On the contrary a rise to 107 per cent was found at the end of the period. The next day two volume determinations were made, one by the CO method which yielded volume equivalent to 109 per cent of the normal and one by the dye method which gave a value of 101 per cent. The animal was then caged for 39 days, then exercised 4 hours daily on 6 days of each week for 3 weeks. Determinations at the end of this time, both by the CO and the dye methods, showed a cell volume 11 per cent higher than the normal established when observations were begun.
Animal 1 was caged 3 months before the first exercise period. 6 days exercise at this time caused a 12 per cent decrease in cell volume. Within 6 days thereafter the cell volume rose to 1,425 cc., or 115 per cent of the normal, as determined by the CO method, a remarkably high figure for a 22 kilo animal. A dye volume determination on the same day gave a cell volume of 1,450 cc. and on the following day another CO determination showed a cell volume of 1,428 cc. The three determinations agree so closely that experimental error can be eliminated as an explanation for the large volume found. Next day exercise was begun and the animal was run on the treadmill 4 hours daily for 4 days in that week and for 6 days in each of the 4 following weeks. At the end of the 2nd week of exercise a determination by the dye method showed that the cell volume had fallen from the high level of 117 per cent to exactly the normal average. No CO determination was made at this time. At the end of the 3rd week a dye volume determination yielded a cell volume equivalent to 209 BLOOD DESTRUCTION DURING EXERCISE. IV
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its end a determination showed the cell volume to be 108 per cent of the normal. The CO method was used throughout. Dog 4, exercised after 5 months confinement, showed a 27 per cent decrease in cell volume at the end of 5 days. Recovery to within 99 per cent was noted on the 18th day thereafter. 8 days later a CO determination gave exactly the normal average. On the same day a dye volume determination indicated the presence of 1,107 cc. of cells, that is to say 97 per cent of the normal established by the CO determinations. The animal was caged for 8 days, then exercised for 2 hours daily during 3 days. At this time a dye volume determination showed a fall in cell volume to 93 per cent of the normal. The animal was now exercised 4 hours daily, on 6 days each week, for 3 weeks. At the end of the 1st week a dye volume determination showed a cell volume 88 per cent of the normal. 5 days later both a dye and a CO determination were made. The dye determination gave a cell volume value of 81 per cent of the normal, the CO, 88 per cent of the normal. 8 days later, determinations by both methods showed that the cell volume had returned to the normal level in spite of the continued exercise.
The Autopsy Findings.
With the exception of No. 2, the animals of Series B were killed at the end of the exercise periods and the findings in them compared with those in larger series of normal dogs, which had been caged for several months. The series of exercised animals was so small that the findings cannot be taken as more than suggestive.
The weight of the spleens was considerably greater in the exercised animals than in the controls and greater than is usual with normal dogs. Ellenberger and Baum6 state that the spleen usually holds between and 1-of the body weight. In ten normal animals caged for several months, which I examined, the spleen averaged 4 of the body weight, as compared with 272 for the three exercised animals. The differences in the amount of red marrow in the long bones of the two series of animals were marked. There was far more of it in the exercised dogs, especially near the epiphyses.
DISCUSSION.
These observations on recently caged animals demonstrate that the length of the period of confinement prior to exercise determines in a measure the extent of the decrease in cell volume caused thereby. They offer further evidence on the important r6le of exercise in maintaining an active bone marrow.
The experiments on the animals of Series B show the transformation of sedentary animals into animals which are capable of withstanding severe and long continued exertion without the development of what I have termed marrow decompensation. Animal 0, exercised at a time when active regeneration was in progress, exhibited no decrease in cell volume. Animal 1, which became markedly plethoric soon after the first exercise period, sustained a loss of this plethora during subsequent exercise but the cell volume never went more than a few per cent below the normal, and the slight depression was recovered from within a week. No. 4, when exercised anew a week after the cell volume had recovered from the loss of a previous exercise period, showed again during the first 2 weeks on the treadmill a well marked decrease in cell quantity, but made this up during the 3rd week. It is highly probable that a fall in cell volume would have been found in the 1st or 2nd week of exercise on Nos. 0 and 2 when they were exercised after the second period of confinement. However, no observations were made until the end of the 3rd week and at this time both had replaced whatever loss had occurred. It is evident then that in the space of approximately 3 weeks sedentary animals can adjust themselves to meet the increased rate of blood destruction which exercise causes. These findings will explain the observation of Schneider and HavensO who failed to find changes in the blood volume of an athlete exercised several weeks after training had begun. No special stress can be laid on the unusually large quantity of red marrow present in the exercised animals, the autopsies being too few in number to furnish satisfactory evidence on the point. Kilbs, 7 however, mentions findings which have significance in connection with those here presented. He used dogs from the same litter, allowing one to remain quiet, giving another severe treadmill exercise. In three instances there was at autopsy distinctly more red marrow in the exercised dogs than in the controls. The difference is what would be expected from the physiological readjustments indicated by the present work. The demands of exercise, as expressed in terms of blood destruction, may well necessitate not merely heightened activity of the hematopoietic tissue, but a larger amount. The rle of exercise in maintaining the hematopoietic tissue at a high level of efficiency has been pointed out in the previous paper.
SUMMARY.
Animals recently caged do not show as large a decrease in cell volume after exercise as those which have been confined several months.
When a dog kept for a long time under sedentary conditions is exercised continuously for several weeks, a decrease in cell volume occurs in the 1st or 2nd week of exercise, but usually by the end of the 3rd week the loss has been made up. Apparently by this time the hematopoietic tissues have adapted themselves to the increased demands made upon them by the hastened rate of destruction. There is, furthermore, some anatomical evidence that such is the case.
